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sol (precursors to corticosterone and cortisol, respectively), was
expressed in human skin. The possibility of glucocorticoid production
in the skin coupled with the observations that topical corticoids block
the development of anagen (Stenn et al, 1993), suppress proopiomelano-
cortin expression (Ermak and Slominski, 1997), and induce follicular
regression (Paus et al, 1994a), should attract more intense research
efforts in this area. Perhaps in species like the mink, which display
photoperiodically controlled hair growth cycles, the onset of anagen
occurs, in part, as a result of the seasonal production of ACTH and
the subsequent metabolism of steroid hormones, both of which occur
within the skin. Such a phenomenon might also contribute to the
development of different pelage types such as dense winter fur and
sparse summer fur as a result of differential activation of under hair
type fibers. Adrenalectomized animals such as the mink should provide
an excellent model with which to investigate the role of endogenous
ACTH in hair growth cycles.
This work was supported in part by the American Mink Farmers Research Foundation
(Corvallis, Oregon), the Canada Mink Breeders Association (Toronto, Canada), and a
donation from American AGCO, Inc. (South St Paul, Minnesota). Mink were supplied
by Mr. Lee Moyle of Heyburn, Idaho. I thank Mr. Jim Peck, Mr. Jerry Van Tassel,
and Mr. Stan Burr for care of the mink. I especially appreciate the assistance of Mr.
Brandon Ihli, Mr. Josh Billingsley, Mr. Chad Nichols, and Ms. Joy Mayhew in
administering treatments. The mink were photographed by Dr. William Saul and Ms.
Kelly Wood.
Inhibition of Chemotherapy-Induced Keratinocyte Apoptosis
In Vivo by an Interleukin-15-IgG Fusion Protein
To the Editor:
The control of keratinocyte apoptosis in vivo under physiologic and
pathologic conditions is still quite unclear. During spontaneous or
induced regression of the hair follicle, remodelling is largely brought
about by the massive, yet highly controlled apoptosis of keratinocytes
in the proximal follicle epithelium (Weedon and Strutton, 1981). The
hair follicle therefore offers an ideal, yet often ignored model system
for studying the control of keratinocyte apoptosis in situ (Paus et al,
1993; Lindner et al, 1997).
Among the secreted signals that could serve to downregulate
keratinocyte apoptosis in situ (Polakowska and Haake, 1994; White,
1996), interleukin-15 (IL-15) has recently surfaced as an especially
intriguing candidate because it suppresses multisystem apoptosis induced
by anti-Fas antibodies in mice as well as anti-Fas and dexamethasone-
induced apoptosis in T and B cells in vitro (Bulfone-Paus et al, 1997).
Furthermore, anti-Fas-induced lethal multisystem apoptosis in mice is
suppressed by an IL-15-IgG2b fusion protein (FP), resulting in the
survival of all IL-15 FP treated mice (Bulfone-Paus et al, 1997). These
data raise the possibility that IL-15 may also inhibit keratinocyte
apoptosis.
The massive upregulation of keratinocyte apoptosis that is associated
with chemotherapy-induced follicle dystrophy and alopecia (Lindner
et al, 1997) is well suited to detect apoptosis-suppressing effects of
candidate agents. Using a mouse model for the study of chemotherapy-
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induced alopecia and follicle dystrophy (Paus et al, 1994), we have
addressed the question of whether cyclophosphamide (CYP)-induced
apoptosis of keratinocytes in the hair bulb of anagen VI follicles in vivo
is down-modulated by prior administration of IL-15-IgG2b FP (for
details see Bulfone-Paus et al, 1997). As controls, either CYP alone or
CYP and an IL-2-IgG2b FP (Kunzendorf et al, 1996) were injected,
because keratinocytes do not express IL-2 receptors.
Twenty-four hours after the intraperitoneal injection of 120 mg
CYP per kg into C57BL/6 mice with all back skin hair follicles in
early anagen VI (Paus et al, 1994), with or without coadministration
of 100 µg IL-15-IgG2b FP (Bulfone-Paus et al, 1997) or IL-2-IgG2b
FP (Kunzendorf et al, 1996), back skin cryosections were prepared and
stained for apoptotic cells, using a fluorescent TUNEL method with
a commercially available in situ end-labeling kit (ApoptagR, Oncor,
Gaithersburg, MD), combined with counterstaining by Hoechst 33342
(Lindner et al, 1997).
The number of TUNEL1 keratinocytes in the proximal hair bulb
of anagen VI follicles with the characteristic Hoechst 33342 morphology
of apoptotic cells was quantitated and compared between CYP, CYP
1 IL-15-IgG2b, and CYP 1 IL-2-IgG2b FP treated mice.
A single administration of the IL-15-IgG2b FP (100 µg), but not of
the control IL-2-IgG2b FP, inhibited CYP-induced keratinocyte
apoptosis in murine anagen hair bulbs in vivo (Figs 1, 2). This inhibitory
effect was discrete (reduction by µ24%), but statistically significant
(p , 0.001), when the total number of apoptotic cells in CYP– versus
CYP 1 IL-15-IgG FP treated hair follicles was compared by quantitative
histomorphometry (Fig 2).
Whereas the mechanisms underlying this apoptosis-inhibitory
property of an IL-15-IgG FP remain to be elucidated, these data
demonstrate that, in the current model, stimulation of the IL-15
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Figure 1. IL-15-IgG2b inhibits CYP-induced apoptosis in anagen VI
hair follicles. The decline of apoptotic follicle keratinocytes (bright cells or
cell fragments; →) are shown for two representative hair follicles treated with
CYP (a) or CYP 1 IL-15-IgG2b FP (b), as determined by TUNEL/Hoechst
33342 staining. DP, dermal papilla.
receptor is one pathway for the suppression of hair matrix
keratinocyte apoptosis in vivo. Because IL-15 is transcribed in human
keratinocytes (Blauvelt et al, 1996), such an apoptosis suppressing
function of IL-15 may be involved in the control of epithelial
tissue homeostasis in the skin. Our finding also encourages the
exploration of the action of synthetic IL-15 receptor agonists in
chemotherapy-induced alopecia.
This study was supported by a grant from Deutsche Krebshilfe to R.P.
Figure 2. Inhibition of CYP-induced follicle keratinocyte apoptosis
in vivo by IL-15-IgG2b FP. In two independent experiments, 30 follicles
from three C57BL/6 mice, each treated with either CYP or CYP 1 IL-15-
IgG2b or CYP 1 IL-2-IgG2b FP, were counted for TUNEL1 cells (24 h after
coadministration of CYP and one of the FP, which were injected on day 9
after anagen induction by depilation). Only TUNEL1 cells in the proximal
hair bulb were counted. Bars indicate means 6 SD.
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